Introduction
In n-any industrial processes the workman's skin is constantly exposed to mineral oils which are known to be potentially harmful. Adequate removal of these oils from the skin after work, though desirable, is not easily accomplished, and the use of abrasive and excessively alkaline cleansers for this purpose is a frequent cause of skin disease in industry. Various cleansing agents free from these defects have now been marketed. In order to facilitate cleansing and to protect the skin during work, " barrier " or protective creams are frequently used. In this paper methods are described of estimating the effectiveness of these agents. The experiments were carried out directly on the human skin, since it is believed that only by reproducing as accurately as possible the natural conditions of use of these substances can a reliable assessment of their efficiency be obtained.
Evaluation of Cleansing Agents
PRINCIPLES OF METHOD Fluorescence of Oils on the Skin.-Uncontaminated oils are invisible on the skin in small amounts, so that the effectiveness of their removal cannot be assessed by direct examination. This difficulty was overcome by utilizing the fact that most mineral oils produce a brilliant violet fluorescence when examined in ultra-violet light.
This method of detecting the presence of mineral oil is extremely sensitive. If the forearm is contaminated with machine oil, a short wash with soap and water will render the arm apparently clean; but when the arm is examined under the ultra-violet lamp, brilliant pin-points of fluorescence in the hair follicles betray the presence of unremoved oil. The intensity of this fluorescence gives a measure of the amount of oil remaining, and thus provides a means of comparing the efficiency of detergents.
Standardized Oil Contamination
Choice of Oils.-Some oils are more easily removed from the skin than others; for example; a light spindle oil is more easily removed than a heavy gear oil. In general, the more viscous the oil, the more difficult its removal. By selecting three oils graded in this property for each experiment, differences in cleansers can be readily appreciated. Thus a very efficient cleanser removes even heavy oils, whereas a poor cleanser removes only spindle oil. Further, by choosing several oils in general use, the results are made more widely applicable. The oils chosen were:
1. Machine oil of viscosity 100 secs. BovertonRedwood at 140°F.
2. Cutting oil of viscosity 50 secs. BovertonRedwood at 1401 F.
3. " Soluble" oil used without the addition of water.
Of these, machine oil was the most, and cutting oil the least difficult to remove, " soluble" oil being intermediate in this respect. Site andAmount ofContamina'tion.-The three oils were applied to corresponding, adjacent areas on the extensor aspect of each forearm, one drop of each oil being spreaod to cover a rectangle of constant dimensions. It is necessary to choose similar areas for the application of each oil as there are considerable differences in the nature of the skin of various parts of the hand and forearm. Such differences as the number and depth of the hair follicles and the degree of keratinization affect the result of the test. forearm and worked into the skin till it covered an area Caking was avoided, and the detergent properties the size of a penny. Each arm was then washed with the of the soap greatly improved by using a mixture shaving brush for one minute, the left with the soapcontaining equal parts of woodflour, and milled woodflour cleanser, the right with the 'Compound dried soap powder. The woodflour-was of such a Cleanser A.' The arms were compared as before. The consistency that when water was added to the experiment was repeated comparing the soap-woodflour mixture a smooth paste was formed. Washing with cleanser with the 'Compound Cleanser B.' this paste was very efflcient. It seems likely that
Result.-None of these cleansers removed all the woodflour, in addition to preventing caking, acts traces of the gear oil from the hair follicles. The as a mild scrubber and provides an alternative soap-woodflour mixture showed a great advantage surface to which the oil may become attached. The over the other two cleansers in that final rinsing inclusion of woodflour in a tablet soap is not from the skin was satisfactory. After the use of recommended, as under these conditions the tablet either of the 'Compound Cleansers,' a considerable becomes rough and abrasive. pound Cleanser B' were much superior to soap. habit in some factories to clean the arms with a Both of these cleansers suffered from the defewt that vegetable oil before washing with soap and water. rinsing from the skin was difficult. Although the Jones (1944) refers to the use of cotton-seed oil for oil appeared to be loosened from the hair follicles, this purpose. Experiments were performed in which a fine fluorescent film was left behind on the skin the oil-contaminated arms were anointed with after rinsing ( fig. 7 ). Neither of these cleansers medicinal paraffin, and then washed by the standard lathered to any extent, and it is possible that the technique. This method proved very efficient. increased surface area provided by a: lather assists in Castor oil and oleic acid were similarly effective and keeping the oil in suspension. The absence of a it is likely that any bland oil of. sufficiently low lather also makes it difficult to see when ringsing is viscosity would be suitable for use in this way.
complete. The residual mixture of cleanser and oil This was the only method which removed the heavy can be removed by a second wash, preferably with gear oil completely from the hair follicles.
soap and water. Practical Washing Trials.-Several washing trials The sulphonated oils tested, sulphonated castor of a more practical nature were carried out. In oil and sulphonated oleate, were no more efficient these trials the subjects washed their hands and than soap. The addition of an unsulphonated oil forearms in the way to which they were accustomed. such as oleic acid, to the sulphonated oleate in-Only the duration of the wash was controlled. The creased its power to loosen the test oils from the results of these trials with the different cleansers hair follicles, but reduced its rinsing properties. coiresponded closely with those of the standard The addition of triethanolamine alkyl sulphate in experiments the proportion of 2 per cent. to each of the sulpho--Observations made during these and previous nated oils increased their efficiency-maily by experiments have shown that the efficiency of improving the stability of the final emulsion. *-ordinary toilet soap varies greatly with the method However other considerations may make the use of of use. The best results were obtained by washing a sulphonated oil advisable, for instance in the case according to the following rules: of a worker whose skin has become damaged by exposure to an excess of alkali (Schwartz, 1941) .
OfX the other detergents examined, none was It was proposed to extend trials of this nature to a group of workers in an automatic machine shop. These men become heavily contaminated with cutting oil. They were asked to report for examination during their working period and requested to refrain froni-washing before attending. Examined under the ultra-violet lamp, their arms showed the brilliant fluorescence of mineral oil. After they had washed, however, a considerable amount of fluorescent material remained on their arms; It appeared to be mainly in the hair follicles although not confined to these areas, and it could not be removed by oil-solvents such as acetone and xylol. Further examination of the material responsible for the fluorescence showed that it was keratin. Some of these small keratin aggregates were visible in ordinary light as comedoes. It is difficult to distinguish the fluorescence of these keratin " plugs " in the hair follicles from that of small amounts of mineral oil, and consequently a satisfactory washing trial in this group of workmen was impossible.
Comment.-It has been clearly shown that the removal of certain types of mineral oil from the skin is not easy. The removal of all but the most viscous oils can be accomplished by three of the cleansers examined, viz., soap-woodflour mixture and compound cleansers' A' and' B.' The soap-woodflour mixture was the most satisfactory in that final rinsing from the skin was easier.
By using a double procedure of washing first in a "thin" bland oil such as medicinal paraffin, and then washing with soap and water, even the most viscous oils could be removed.
The Removal of Skin Fat by Cleansing Agents.-The use of powerful cleansing agents is attended by the danger of removing excessive amounts of natural fat from the skin. A few experiments were carried out to measure the amount of fat which might be removed in this way.
The amount of fat normally present on the surface of the skin was ascertained by immersing the hand and forearm in a cylinder of acetone for three minutes. The acetone was centrifuged to remove particulate matter and distilled. A residue of brown fat was obtained which amounted to about 60 mg. from -one hand and forearm-representing a surface distribution of 0 06 mg. per sq.cm. Extraction of the fat from the skin in this way caused no ill effects beyond a slight dryness of the skin for an hour or so. In one subject mild " chapping " persisted for twenty-four hours. Repeated extraction of skin fat at varying intervals indicated that complete recovery might occur in four hours.
By extraction after washing with selected cleansers the amounts of fat removed by these agents could be obtained by difference. Thus washing for one ininute with soap and water removed about one-fifth of the " extractable " fat, while washing for one minute with ' Compouind Cleanser B,' which contained a fat solvent, removed nearly half of the " extractable " fat. The soap-woodflour cleanser also removed almost half of the " extractable " fat.
Thus the most efficient cleansers removed considerably more of the skin fat than did soap and water. As considerable variation in the fat replacement rate is likely, the frequent use of these cleansers by susceptible individuals may result in "chapping." In these individuals the use of an emollient cream after washing may be necessary to protect the skin until replacement of the natural fat has occurred.
Evaluation of Barrier Creams The use of barrier creams is intended to lessen skin contamination and to make cleansing easier. Although the present investigation was conceried mainly with the oil-resisting properties of barrier creams, several creams which did not purport to be oil-resisting were also tested. In all, twenty-six creams were examined, including samples of most of the creams at present in use in industry. For descriptive purposes each of these creams was given a code letter.
The Table 2 . The degree of penetration is assessed as " gross " where the fluorescence of the oil on the protected area is as great as on the control area " moderate " where the fluorescence is notably less, and " slight " where there is some evidence of oil in the hair follicles but the fluorescence is barely discernible.
It will be seen from Table 2 that only " slight" penetration of oil occurred through four of the creams of Type I. These " oil-resisting" creams (A, B, C, D) were definitely superior to all the others when tested as described. The two creams (K, H) which allowed " gross" penetration were vanishing creams with a very high water content.
The greasy water-resisting creams of Group III appeared, somewhat surprisingly, to have exercised some protection of the skin. From the composition of these creams it seems more likely that this effect was due to the fact that they assisted in the removal of the oil, rather than that they prevented contamination of the skin. This point was elucidated in an experiment to be described later.
The tion through cream J.
extensor surface of each forearm; 0 1 g., 0-2 g., 0 3 g., and 0-4 g. of cream A were rubbed into the outer -rectangles. The central patches again acted as controls-. A film of machine oil was painted over all six rectangles. The arms were immediately washed in the standard manner for one minute. The degrees of fluorescence in the areas were compared. The experiment was then repeated with creams B, C, and D.
Results.-The results are expressed in Table 3 . There was no difference in the efficiency of the four creams tested. Each was totally inefficient in the thinnest film, but as the thickness of the cream was increased, improvement in efficiency occurred. Unfortunately, however, the films which were completely effective are too thick to be of practical value.
EFFECT OF PROLONGED CONTAMINATION
In the previous experiments the creams were exposed to mineral oil for a short period only (less than ten minutes). In the following series of tests the effects of increasing this exposure were demonstrated. Results.-The results are tabulated below in Table 4 .
These results demonstrate the ineffectiveness of Creams A, B, C, and D in resisting the penetration of mineral oil for more than a short period. The lanoline and castor-oil cream showed no such loss of efficiency with time. In vitro tests with coated filter paper show that the lanoline cream is much more readily penetrated by mineral oil than the soapy creams. It must therefore be concluded that the observed effect is due to the fact that it facilitates the removal of the oil, rather than prevents physical contact with the skin.
Comment
The results of these experiments indicate that the soapy barrier cream designed to resist oil penetra- However, it appears unlikely that any compound which failed to satisfy the criteria of the tests described would be of much value in practice. The converse is obviously nrot true-an agent which satisfies the laboratory tests may still fail under practical conditions. This is true of protective creams in particular. In these experiments no account has been taken of such factors as visible perspiration which occurs when heavy manual labour is done; nor have the creams been tested with regard to their ability to stand up to the friction ordinarily encountered during work from clothing and other agents.
As judged by our experiments the value of barrier creams to those exposed to gross oil ontamination would appear to be low. A film which would be practical to wear fails to prevent penetration of oil into the hair follicles if the duration of the contamination is greater than one hour. Once penetration has occurred the soapy " oil-resisting" cream does not appear to assist in the removal of the oil. The greasy cream, although it rapidly becomes mixed with the contaminating oil on the skin, assists in subsequent cleansing. As a result of clinical observation and animal experiments, Twort (1934) suggested the use of a mixture of lanoline and olive oil as a protective application for oil workers. It is possible that the use of a cream of this type may be of benefit in two ways-dilulting the contaminating oll on the skin and assisting subsequent cleansing. It is accordingly suggested that where, by reason of popular demand, a protective cream for oil workers is required, it should be of a fatty nature. It must be recognized, however, that the use of such a preparation cannot be regarded as affording a great deal of protection, and it must not distract attention from other and more valuable means of preventing oil contamination, such as the use of protective clothing, the provision of adequate washing and laundry facilities, and other measures of general hygiene.
Since reliance cannot be placed upon protective applications, it becomes more important to achieve the satisfactory removal of oil from the hair follicles after work. These experiments have shown that this is not a simple problem, and that particular care must be exercised in washing. \ The tests have defined certain agents which are likely to be of value; of these the most efficient was a mixture of soap powder and woodflour. The woodflour used in this cleansing mixture should be fine enough to pass a 40 mesh and it should not be derived from any wood which is-likely to possess sensitizing properties. The soap powder should contain a minimum of free alkali.
The use of powerful cleansing agents is accompanied by the risk of removing too much of the natural skin fat. Although in most people this risk is not likely to be great in view of the rapid replacement of fat lost from the skin, the continued use of such agents by certain individuals may result in excessive dryness of the skin and chapping in dry weather. This may be avoided by the use of an emollient cream after work in order to compensate for any fat loss.
The alternative method of a preliminary wash in thin bland oil before using soap and water has been shown to be efficient and to cause minimal skin trauma; it has the disadvantage of being a double procedure but should not be difficult to put into practice as workmen are all too keen to use kerosene or other solvents before washing.
It has thus been shown that the prevention of skin contamination by mineral oil is not easy. There is no doubt that directly or indirectly mineral oils cause a considerable proportion of industrial skin disease. Elimination of this group of skin diseases is only likely to be achieved by improving the design of machinery to reduce the risk of contamination or possibly by the substitution of oils which are non-irritating to the skin. That the use of protective creams or powerful cleansing agents is considered, must be a reflection upon our standards of engineering efficiency. Summary 1. A method is described of assessing the value of cleansing agents and protective creams to workmen exposed to mineral oils. The method is based on the detection in ultra-violet light of oil persisting in the hair follicles after the use of these agents.
2. A number of cleansing agents have been examined. Of these a mixture of equal parts of milled, dried soap-powder, and fine woodflour gave the most satisfactory results.
3. A range of proprietary barrier creams has been examined. None of these gave satisfactory protection of the skin.
4. The excessive removal of fat from the skin is discussed, and a method of investigating this problem is described. I wish to thank those manufacturers of cleansing agents and barrier creams who so kindly supplied me with samples of their products. Their co-operation and advice has been of considerable help.
For much helpful criticism and advice I am indebted to Dr. J. R. Squire, Director of the Medical Research Council Industrial Medicine Research Unit, Birmingham Accident Hcspital, at whose suggestion this investigation was carried out, and for assistance in the estimations ofskin fat, to Dr. C. R. Ricketts.
